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TRANSPARENT CONDUCTIVE OXIDES FOR PLASTIC FLAT PANEL DISPLAYS 
FIEII) OF THE INVENTION 

This invention relates lo con^site substrates for flat panel displays (FPD), packaging 
materials and light sources (electro luminescence lamps) comprising a plastic substrate having 
thin film barrier and conductive layers, in particular, multiple thin alternating layers of metallic 
film, cranspareni conductive oxide (TCO), metal nitride, and organic polymers deposited over 
the plastic substrate. 

BACKGROUND OF THE INVENTION 

The use of portable electronic devices incorporating flat panel displays is prevalent and 
increasing rapidly. Because of the portable nature of these devices, it is desired to minimize 
both the size and weight and maximize durability. The display portion of the device is 
generally larger and denser as compared to the rest of the device, and is manufa c tured on glass 
substrates. Accordingly, a smaller, lighter and more durable portable electronic device is most 
effectively achieved with a smaller, lighter and shatterproof electronic device display. 

Despite being lightweight, plastic has not been considered a viable substrate material to 
be used for the manufacture of flat panel displays for multiple reasons. Most importantly, flat 
panel displays with plastic substrates tend to fail prematurely due to degradation of the display 
medium and some metallic electrodes. In particular, the display medium and some metallic 
electrodes become degraded when atmospheric oxygen and water permeate the substrate and 
chemically degrade the active portion of the display matrix, which is generally comprised of 
liquid crystals and/or light emitting devices. Second, common optical quality plastic substrates, 
c.g. polyethylene terephthaJate (PET), have limited thennal properties. In particular, there is 
a limited temperature range that allows useful optical quality (e.g. clarity, transparency, uniform 
index of refraction) to be maintained, while maintaining the requisite mechanical strength and 
properties of the substrate. 

SUMMARY OF THE INVENTION 

The present invention is directed to the fabrication of flat panel displays on lightweight, 
flexible, plastic substrates. Because plastic substrates for FPDs are flexible, smaller and lighter 
than glass substrates, the electronic device with the plastic FPD is more portable, space^fficient 
and lightweight In addition, electroluminescent and organic light emitting devices fabricated 
on flexible pol ymeric substrates in a coating process have lower manufacturing costs than those 
with glass substrates, and improved ruggedness. 

A display medium of the flat panel display is sandwiched between two electrode layers. 
At least one of the electrodes Is transparent for viewing of the display. The display medium is 
protected from oxidative degradation. In the present invention, at least one layer, having both 
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associated with thicker layers, and advantageously arc electrically connected in parallel to 
provide adequaie electrical performance characteristics. 



The thin layers of TCO are preferably deposited in combination with the PML process, 
which leads to improved optical, electrical and mechanical peifonnancc. Superior surface’ 
properties Oow surfece roughness, and high optical quality), barrier properties (low vapor 
permeability) and mechanical properties result when TCO coatings are deposited by magnetron 
sputtering on a plastic substrate in combination with the PML process. Preferably, moderate 
annealing temperature conditions are used for TCO deposition. The resistivity of ITO 0‘Tin 
doped radium oxide *), a TCO, is a function of the oxygen and dn content, as well as the 
depositionconditions(e.g. temperature). Previously, low temperature depositions yicldedhigh 
resistivity ITO layers, when a low resistivity for ITO was desired. The resistivity of ITO was 
shown to decrease with a thicker TCO layer. But as discussed previously, thick TCO layers are 
prone to cracking or crazing. Multiple thin layers of TCO. as described in the present invention. 
wUI not crack and will yield a lower resisth-ity. Moreover, the surfece resistivity of a thin film 

Of TCO in multiple layers is low for a given total film thickness, due to' its improved 
microstructure. 

In an embodiment, a polymier smoothing coating is deposited over the substrate. The 
smoothing coating is applied by a PML process or liquid coaling. A TCO, metal nitride, or 
metal layer is then deposited over the smoothing layer. Additionally, multiple alternating layers 
of aprotecuve polymer layer and an additional TCO, metal nitride, or metal layer is deposited. 
Preferably, the alternating layers are of the same material, e.g. TCO/polymer/TCO, etc. 

In another embodiment, a polymer smoothing coating l^er is optionally deposited over 
the substrate. Additionally, multiple alternating layers of polymer layers and metal oxide or 
metal nitride are deposited over the substrate. A TCO layer is then deposited over the top of 
multiple alternating layen. These multiple alternating layers together with the TCO have 
(idequate bamer tUid conductivity characteristics. 



In yet another embodiment, a substrate is coated with a TCO layer, a metal coating, and 
another TCO layer, llus three layer configuration is called “optically enhanced metal,” or an 
induced transmission filter and has similar characteristics as a single TCO layer. With the 
optically enhanced metal good conductivity, optical transmission and barrier properties are 
achieved. A similar structure of metal nitrides, e.g.. siheon nitride, metal and another metal 
nitride layo" functions equivalently. 



In still another embodiment, a substrate is alternatively coated with an inorganic layer 
(such as TCO, metal nitride, or dielectric metal oxides), and polymer layers to provide both 
bamer and conductive properties. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The aspects of the present invention described above in summary anri below in more 
detail as well as various advantageous aspects will become appreciated as the 5^711 e becomes 
better understood with reference to the specificatioa. claims and drawings wherein: 

FIG. 1 is a cross-sectional view of a composite substrate for a flat panel display (FPD) 
of the present invention; 

FIG. 2 is a cross-sectional view of an embodiment of conductive barrier layer 3 of FIG. 

1; 

FIG. 3 is a cross-sectional view of another embodiment of conductive barrier layer 3 of 
FIG.l; 

FIG. 4 is a cross-sectional view of another embodiment of conductive barrier layer 3 of 
FIG, 1; 

FIG. 5 is a cross-sectional view of another embodiment of conductive barrier layer 3 of 
FIG. 1; 

FIG. 6 is a cross-sectional view of another embodiment of conductive barrier layer 3 of 

m. l; 

FIG. 7 is a cross-sectional view of another embodimeni of conductive barrier layer 3 of 
FIG.l; 

FIG. 8 is a schematic illustration of a coating apparatus for forming the conductive 
barrier layer of FIG. 1; 

FIG. 9a is a schematic illustration of a laminating process for the FPD of FIG. 1; 

FIG. 9b is a cross-sectional view of the FPD before undergoing a bonding process; 

FIG. 9c is a cross-sectional view of the FPD after undergoing a bonding process; 

FIG. 1 0 is a chart showing water permeability of an ITO film deposited on a polyethylene 
terephthalaie (PET) substrate versus ITO fdm sheet resistance; 

FIG. 1 1 is a chart showing water permeability of ITO film deposited on a PET substrate 
versus ITO film thickness; 

FIG. 12 is a chart showing oxygen permeability of ITO film deposited on a PET substrate 
versus ITO film thickness; 

FIG. 13 is a chart showing oxygen permeability ofITO film deposited on a PET substrate 
versus ITO film sheet resistance; 

FIG. 14 is a chart shovring transmittance and reflectance spectra (for an ITO layer over 
a silver film layer over an ITO layer over a PET substrate at a sheet resistance of 14 
Ohms^Square) versus wavelength; 

FIG. 15 is a chart showing transmittance and reflectance spectra (for an ITO layer over 
a PET substrate at a sheet resistance of 29 Ohms/Square) versus wavelength; 

FIG. 16 is a chart showing transmittance and reflectance spectra (for an ITO layer over 
a PET substrate at a sheet resistance of 57 Ohms/Square) versus wavelength; 
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FIG. 17 is a chart showing transmittance and reflectance spectra (for an ITO layer over 
a PET substrate at a sheet resistance of 65 Ohjns/S<)iiare) versus wavelength^ 

FIG. 18 is a chart showing transmittance and reflectance spectra (for an ITO layer over 
a PET substrate at a sheet resistance of 347 Ohms/Square) versus wavelength; 

FIG. 19 is a cross-sectional view of an embodiment of a conductive barrier layer, 

RG. 20 is a cross-sectional view of an embodiment of conductive baiiier layers of FIG. 

FIG. 21 is a cross-sectional view of an embodiment of conductive banicr layers of FIG. 

FIG. 22 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

1) 

FIG. 23 is a cross-sectional view of an embodiment of conductive barrier layers of RG. 
Ii 

FIG. 24 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

1 1 

FIG. 25 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

1 1 

FIG. 26 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

FIG. 27 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

I J 

FIG. 28 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

1 7 

FIG. 29 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 
FIG. 30 is a cross-sectional view of an embodiment of conductive barriei layers of FIG. 
FIG. 3 1 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 
FIG. 32 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 

I; and 

FIG. 3 3 is a cross-sectional view of an embodiment of conductive barrier layers of FIG. 



DETAILED DESCRIPTION OF THE INVENTION 

A flat panel display (FPD) 1, of the present invention as shown in FIG. 1, employs 
lightweight, flexible, plastic substrates 38 for constructing FPDs. In between two plastic 
substrates of the flat panel display are at least two electrodes. At least one of the electrodes is 
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transparent for viewing of the display. A display medium 2 for the flat panel display is situated 
between the two electrodes. The display medium, as well as some electrode material, are 
protected from oxidative degradation and rcacdon or incorporation of moisture. 

The displays are fabricated using plastic substrates such as various polyolefins, e.g. 
polypropylene (PP), various polyesters, c.g. polyethylene terephthalate (PET), and other 
polymers such as polyethylene napthaiate (PEN), polycthersulphonc (PES). polycstcrcarbonatc 
(PC), polyetherimide (PEI), polyarylatc (PAR), polyimide (PI), and polymers with trade names 
ARTON® (Japanese Synthetic Rubber Co., Tokyo, Japan) and AVATREL™ (B.F. Goodrich, 
Brecksville, Ohio). Sec Appendix A for deposition temperature capabilities of the particular 
plastic substrate. 

In the present invention, at least one layer, a conductive barrier layer 3 has both barrier 
characteristics (to protect the display medium and/or the metal electrode) and the ability lo 
function as an electrode, and is deposited over the substrate to form a composite substrate, as 
shown in FIG. 19. In parUcuiax, layer 3 has bodi low oxy'gen and moisture permeability, and 
a low enough resistivity to funedon as an electrode for the display. 

As shown in the general embodiments of FTGs. 2 through 7, conductive barrier layer 3 
comprises at least one sublayer 3* deposited over the substrate, for instance a single ITO layer. 
In an embodiment, at least one pair of sublayers (a dyad of a polymer and a TCO, meial, or 
metal oxide) is deposited overthe substrate. In an exemplary embodiment multiple allemating 
sublayer pairs, comprised of the same materials as the original sublayer pair, are deposited over 
the substrate or over the previously deposited sublayer. 

There are a myriad of possibilities for materials comprising the sublayers of the 
conductive barrier layer. FIGs. 2-7 illustrate generally only some of the more preferred 
embodiments of sublayer 3 ‘ materials for conductive bairier layer 3 , while FIGs. 1 9-33 ill ustrate 
pardcularly the more preferred embodiments for the conductive barrier layer. 

In an embodiment, a base coating 20 is deposited over the substrate 38. The base coating 
is a polymer smoothing coating applied by a PML process or an organic haidcoat deposited by 
a Liquid coating process to render a hardcoated PET substrate that is abrasion resistant A TCO 
22 (or metal layer 12) is then deposited over the base coal, as shown in FIG. 3, and more 
particuiarly in FIG. 20, Additionally, multiple alternating layers of a protective polymer layer 
24 and an additional TCO 22 (or metal layer 12) are additionally deposited, as represented by 
sublayer 3‘ in FIG. 3, and more particularly in RGs. 21 and 22. Preferably, the alternating 
layers are of the same material, e.g. TCO/polyracr/TCO, etc. FIG. 2 illustrates the embodiment 
of polymei/TCO/polymer without base coal 20. Altemaiively, a metal conductor or reflector 
12 overlays the top polymer layer 24 as in FIGs. 23-25, and 30. 

In another embodiment shown in FIG. 26, a substrate is coated with a TCO layer, ametal 
coating, and another TCO layer. This three layer configuradon is called an “optically enhanced 
metal,'* and has charactenstics similar to a single TCO layer. With the optically enhanced 
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metal, good conductivity, transmission and barrier properties are achieved. Deposited on these 
three layers is preterably a polymer layer 24. that is alternating with the three layen. 
Alternatively, base coat 20 is deposited over the substrate as shown in FIG. 27. Additionally 
or alternatively, another dyad (a metal and TCO pair) is deposited over the top TCO layer, as 
shown in FIGs. 28 and 29. Additionally or alternatively as shown in FIG. 29, an additional 
polymer layer 24 (a polymer overcoat) is deposited over the previously dqtosited dyad. In 
another ahemaUve, a thiek metal layer 12 is deposited over the polymer overcoat layer, as also 

shown innO. 29. Alternatively, a metal nitride layer is substituted for one or more of the metal 

layere of these embodiments, for example, see FIGs. 3] and 32. 

In still another embodiment, a substrate is alternatively coated with an inorganic layer 
(such as a TCO or dielectric metal oxides), and polymer layers to provide both barrier and 
conductive properties. 

FIG. 33 illustrates a metal layer 12 sandwiched between two metal nitride layen 14. 
Alternatively, odchtionaJ dyads (metal and metal nitride pair) are deposited over the metal 
nitride layer. Further embodiments of this dyad pair are similar to the TCO/ metal dyad pair 
embodiments of FIGs. 26-29, i.e. the TCO layers of HGs. 26-29 are replaced by one or more 
metal nitride Inyets. 

In an alternative embodiment, a dielectric layer replaces one or more TCO layers in the 
above described embodiments (see generally HGs. 6 and 7). As shown in HG. 7, multiple 
alternating layers of dielectric 17 and polymer layers 24 are deposited over the substrate 38. 
The number of multiple alternating layers (or dyads) vary, and is represented here by 3', 
sublayers of the conductive barrier layer 3. A TCO layer 22 is then deposited over the top of 
•multiple alternating layers. These multiple alternating l^ers together with the TCO have 
adequate barrier and conductivity charactenstics as described in more detail below. 

Each TCO layer 22 of the above embodiments is a single TCO layer. Alternatively, the 
TCO layer represents two TCO layen. 

Preferably, metal layers that are alternating dyad pain or in between TCO, metal nitride, 
or dielectric layers are thin. In addition, metal layers that are adjacent the diqilay matrix, i.e. 
overlaying the dyad layers, have a greater thickness than Ae sandvriched metal layers. 

Sublayer3' materials that provide battier properties are thin transparent metal oxides 1 6, 
and/or thin transparent metallic films 12. Hie polymers 24 enhance barrier properties by 
reducing the number of holes and defects in the films upon which or under which, they arc 
deposited. The metal oxide layers alternatively comprise dielectric layen 17 and/or tianspaieot 

conductive oxide layers 22. The thickness for these barrier layers are m the nanometer and 
angstrom range. The thickness for the PML deposited layers are in the micron range. For 
example, unproved barrier coating occurs when a PML deposited organic polymer layer (a base 
coat), and/or a metal oxide layer is placed over the plastic substrate. Sec Tables 2 and 3. 
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Sublayer 3 ' materials thai provide conductive properties include a thin TCO 22, a thin 
transparent metallic film 12 (such as aluminum, silver, copper, gold, platinum, palladium, and 
alloys thereof), and a metal nitride 14 (such as transition metal nitrides, for example, titaitium 
nitride, zirconium nitride, hafeium nitride, and nitrides of Group IV A, VA, and VIA .»lwnpn», 
ofthe Periodic Table, as well as nitrides of Group IIIB and IVB elements of the Periodic Table, 
for example; gallium nitride, silicon nitride, and aluminum nitride). The thickness for th »<re 
conductive layers are in the nanometer and angstrom range. Preferably the TCO is formed by 
multiple thin layers deposited with electrical contact to each other, so that a low resistivity is 
achieved. Consequently, the TCO functions as both the electrode and a barrier. 

In the prefened embodiment, there is a PML processed base coat 20 deposited over the 
substrate as shown in FIG. 3. The base coal produces substrate smoothing, and more 
importantly, m combination with other layers, the base coal has surprisingly effective vapor 
barrier enhancement properties because of the sraoothiog and protection characteristics. The 
sublayers are deposited in combmation with the process illustrated in FIG. 8. 

Using a smoothing base coat layer over the plastic substrate imparts good optical and 
barrier quality throughout the substrate layers and provides a pristine surface for nucleation of 
the deposited TCO electrode layer. The pristine surface smooths over any surface roughness 
ofthe plastic substrate, thereby adding to the FPD lifetime and optical quality. 

In an exemplary embodiment, one or more metal oxide layers arc replaced with a TCO. 
When TCO coatings, including fTO (Tin doped indium oxide”), cadmium oxides (CdSn,04, 
CdGojO^, CdbijO^, CdSbjOj, CdGeOJ, tin oxides, indium oxides (IniOji Ga. GaiaO, (Sn, Ge), 
(Galn),03). zinc oxides (2nO(Al), ZnO(Ga). ZnSnO,. ZmSoO^. ZnJn^O,, Zn,ln,0^. and/oi 
magnesium oxides (MglnjO^, Mgln,0, - 2n,In,0j) are deposited on a plastic substrate at a low 
temperature, they have ao amorphous micro structure. For characteristics ofthe above TCO 
materials, see .Appendix B. The amorphous structure and oxygen deficiency of the TCO allow 
the TCO coating to exhibit conductive properties and barrier properties similar to transparent 
dielectric bamcr layers, such as types of silica or alumina. Because of die oxygen deficiency, 
the barrier layers gather the oxj'gen and keep the oxygen from passing through. Multiple thin 
layers of TCO function os a transparent electrode and a transparent barrier layer. The benefit 
of using TCO alternating with metallic film layers, besides the barrier properties, is that all the 
layers ofthe structure are cooductive, thus improving conductivity. 

In the preferred embodiment, a suitable appararus for coating the substrate with 
conductive and barrier layers is Ulustrated schematically in HO. 8. All of the coating 
equipment is positioned in a vacuum chamber 36. A roU of polypropylene, polyester or other 
suitable plastic sheet is mounted on a pay-out reel 37. Plastic sheet 38 Ibnning the substrate 
is wrapped around a first rotatable drum 39, and fed to a rake-up reel 4 1 . A roU 42 is employed, 

as appropriate, for guiding the sheet maarial fiom the payout red to the drum and/or to the 
take-up reel. 




tl 
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I A flash evaporator 43 is mounted in proximity to the drum ai a first coating station. The 

flash evaporator deposits a layer or film of monomer, typically an acrylate, on the substrate 
sheet as it travels around the drum. After being coated with a monomer, the substrate sheet 
passes an irradiation station where the monomer is inadiaied by a source 44 such as an electron 
5 gun or source of ultraviolet radiation. The radiation or electron bombardment of the film 
induces polymerization of the monomer. 

The sheet then preferably passes a sputtering station 46 where a coating of TCO is 
applied by magnetron sputtering. The sheet then passes another flash evaporator 47 where 
another layer of monomer is deposited over the TCO layer. Depending on whether a layer of 
10 monomer is above or below the TCO layer, either evaporator 43 or 47 is used. Clearly, if the 
TCO layer is to be sandwiched between layers of polymer, both evaporators and their respective 
radiation sources are used. In addition to magnetron sputtering, the TCO layer is processed by 
one of thermal evaporation, chemical vapor deposition, plasma enhanced chemical vapor 
deposition, and electron beam evaporation. Chemical vapor deposition is a high temperature 
15 process, and is therefore the least desirable for use with plastic substrates. 

In an alternative embodiment, a liquid PMl.. (called Liquid Multilayer, LML) smoothing 
applicator 52 is mounted in proximity to the drum at a first coating station. The liquid 
smoothing applicator deposits a layer of monomer, e.g. acrylate, over the subsUatc. This layer 
of monomer is cured by irradiation from an ultraviolet or electron beam source 4S adjacent the 
20 drum. Additionally, the sheet then passes sputtering station 46 where a coating of thin metal 
film, metal oxide, and/or metal nitride is applied by one of vacuum sputtering, vacuum 
metallizing, plasma assisted chemical vapor deposition, or electiOD beam evaporation. For 
example, silicon oxides is deposited by a plasma enhanced chemical vapor deposition process 
using a metal organic precursor and an oxidizing or inert carrier gas. 

25 The various layers described are deposited in several processes in addition lo vacuum 

coating techniques. For instance, the layers arc deposited through nonvacuum (atmospheric) 
roll coating. Aitemativeiy or additionally, the layers are deposited by an in line coating 
machine, whereby a conveyor belt runs the substrate to be coated past multiple coating stations. 
In a fiirther alternative, the layers are deposited by an intermittent motion machine, that is either 
30 in a vacuum process or a nonvacuum process. In yet another alternative, the layers are coated 

using a multitude of machines. For instance, the plastic substrate Ls fust coated through 
atmospheric roll coating with a cured polymer and subsequently coated by vacuum deposition, 
or liquid coated, such as Gravure coating. 

For multiple layers of organic polymer coatings deposited in the PML process, fa leg up 
35 reel 41, with the sheet wound thereon, functions as the pay out reel 37, and the process is 
repeated as desired by coating in both directions. The roll of sheet is removed from the vacuum 
system for use. 



40. 
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FIG. 9a ilJustrates a laminaiing process for ihe FPD where the coated plastic substrate 
and display medium are bonded together with an adhesive, pressure and temperaiure or throu^ 
UV radiation. FIGs. 9b and 9c are a cross-sectionaJ views of the FPD before and ^er 
undergoing the bonding process, respectively. The laminating process is one of the alternate 
methods for bonding the layers to construct the FPD. Because the layers of the present 
invention are thin; cracking, crazing, and delamination are avoided using processing methods 
of this type. FIGs. 9b and 9c illustrate the flat panel display with a protective overcoat 4 and 
the display medium 2 . 

Transparent dielectric layers with good bamer properties and a high rehactive index, 
such as metal oxides like titamum oxide or aluminum oxide, or metal nitrides such as silicon 
nitride or aluminum nitride, used in combination with thin, transparent metallic film layers 
provide a transparent conductive barrier coating. The metal oxide or metal nitride layers are 
deposited at specific thicknesses to optimize the optical performance (e.g. transmittance) of a 
particular display. Preferably, the thin metallic film layer is sandwiched in between layers of 
metal oxide or metal nitride. Multiple alternating layers of metal oxides or metal nitrides, with 
their bamer properties, and the highly conductive metallic film layers provide increased barrier 
performance and conductivity for a particular display medium. 

The optical and electrical perfonnance of transparent conductive oxide coatings are also 
improved by mildly heating during deposition oi post- annealing the coated substrate. Even 
though the substrate was heated to a moderate temperature of only 65 ® C, the resistivity of the 
rrO was still low enough to effectively operate os an electrode, because of the thin layer ofTTO. 
See the Experimental Results below. 

In an alternative embodiment, a thin conductive metal nitride layer is substituted for one 
or more thin metallic film layers. Metal oxide or TCO layers are utilized with the metal nitride 
layer for enhancing both the optical and electrical performance characteristics. Metal nitrides 
have good gas barrier properties. However, lo mainuin the preferred moisture and oxygen 
permeability, there is a minimum thickness of the metal nitride layer. Because of the higher 
optical transparency silicon nitride thin films, for example, axe attractive candidates for flexible 
FPD as barrier layers for atmospheric gases. 

In another alternative embodiment, at least one of the metallic film layers is replaced 
with a polymer layer formed via the PML processes. 

RESULTS OF CONDUCTED EXPERIMENTS 

Hic plastic substrate for a flat panel display has a veiy low oxygen and water vapor 
permeabiUty, a surfece roughness much less than the barrier film thickness, a high Tg (the glass 
transition temperature) to allow a higher temperature and/or higher energy ITO deposition 
process, and a high transparency with low ND (index of refiaction) biieftingence. 
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Defects in the coated layers limit the barrier properties. For instance, rough substrates, 
particulates, and roller contact damage the coated la>-ers. Rough substrates with thin film 
barriers are smoothed and prevented from damage by roller contact with an organic basecoat 
and polymer top coat multilayers, respectively. 

Multiple layers ofTCO’s deposited on the substrate achieve lower sutfecc tesistivi^ than 
a single thick layer of TCO. Further, the muUiple TCO layers act as electrodes connected in 
parallel. Using non-stoichiometric dielectric of a group including silicon oxides, aluminum 

oxides, and silicon nitrides, allow for the febricarion all efficient thin film baniere for flexible 
plastic films. 

Measured data for films made of sputtered ITO exhibited exceptional barrier properties. 
The optical, electrical and barrier properties were measured for ITO sputter-deposited directly 
onto a PET substrate, and also measured with a PML acrylic base coat over the substrate before 

deposidonoftheITO,inaroll-to-toll(web)coatingprocess. See FIGS. 10-13, anddesoiptions 

of the Figures below. The typical perfoimance of a single FTO layer deposited on a base coated 
PET substrate is > 85%T (Transmittance) and < 80 ohms/sqr^. The ITO layer has aphysical 
thickness of about 140 nm, for a one-half wave optical thickness, while the PET substrate has 
a thickness of about 0.007". For the single layer ITO film, oxygen permeability tanged from 

0.005 to 0.05 oxygen cc/mVday, while the waw permeability ranged from 0.005 to 0.05 
g/mVday. 

FIG. 10 discloses a chart showing water permeability of PTO film, as well as FTO 
sandwiching a silver layer, each deposited on a PET substrate versus FTO film resistance. No 
smoothing base coat was applied to the substrate in either case. First, the ITO layer vras DC 

sputter depositedontoaPET substrate. The deposited rrOfilmissputteredfiomametal target 

in a web coater. The vertical lines shown connect the midpoints of the range of permeability 
results at each measured resistance for the ITO film sheet The chart shows that the 
permeabiUty dips to a minimal v-alue of approximately 0.006 g/ra- day at a resistance of about 
60 ohms/square. The permeability reaches a maximum of approximately 0.21 g/m^day at a 
resistance of about 350 ohms/square. Second, for a silver layer sandwiched in between ITO 
film layers over the substrate, die approximate permeability range was 0.04 to 0.075 g/m’day 
for the sheet resistance at about 12 ohms/square. 

FTG. 1 1 discloses a chart showing water permeability of ITO film^ as well as ITO 
sandwiching a silver layer, each deposited on a PET substrate versus ITO film sheet thickness. 
First, the ITO layer alone is analyzed in the same manner as above. The chart shows that the 
permeability dips to anunimal value of approximately 0.006 g/m'day at athicfcness of about 
120 nm. The permeability reaches a maximum of qrproximately 0.21 g/m’ day at a ihirlfni-^s 
of about 40 nm. Second, for the substrate with the sandwiched sUver layer, the approxiniate 
peimeabUity range was 0.04 to 0.075 g/m*day for asheet thickness of approximately 120 nm. 




.0 
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I FIGs. 12 and 1 j disclose charts showing oxygen permeability of ITO film deposited on 

a PET substrate versus ITO film sheet thickness and sheet resistivity, respectively. FIG. 12 
shows that the permeability dips to a minimal value of approximately 0.017 g/m= day at a 
thickness of about 220 nm. The permeability reaches a maximum of approximately 0.9 cc/ra^ 
S day at a thickness of about 40 tun. 

As shown Table I . alternating barrier layers of PML deposited organic polymers and 
dielectrics have permeation rates below the limits of the instruments, which is 0.005 
for Pennatran-W 3/31, an instrument for measuring water vapor transmission rates and 0.005 
cc/m^day for Ox-Tran 2/20. an instnimem for measuring oxygen transmission rates. 

10 A tiansirarent dielectric battier layer or a “single layer" of TCO deposited on'the 

substrate has suitable barrier properties for the plastic FPD. The preferable banier properties 
vary by the type of display technology: liquid crystal display (LCD) and organic light emitting 
display (OLED). The acceptable value of vapor permeation with plastic substrates for FPD 
depends on the sensitivity of the specific display technology utilized. For example, the LCD 
15 IS much less sensitive to vapor permeation than the OLED. Forthe LCD, oxygen permeabUity 

is preferably in the nmge of about O.Ol to 0.1 cc/m= *day, while water vapor permeability is 
preferably in the range of about 0.01 to 0.1 g/m= *day. For OLED. permeabilities of s 0.001 
cc/ra-*day for oxygen, and s 0.00 1 g/m^*day for moisture (water vapor) are preferred. 

Apolyma OLED and asmall molecule OLED describes the two basic technologies for 
20 the layer that emits Ught in the OLED. For polymer OLED's, the light emitting material is 
deposited by flow coating, spin coating, gravure coating, meniscus coating, curtain coating or 
any common liquid coating or printing techniques. The small molecule OLED is normally 
thennally evaporated m a vacuum, but is also processed with nonvacuum coating methods. If 
the rrO layer is deposited by nonvacuum processes such as by screen printing, the process of 
25 the present invention is entirely nonvacuum. Alternatively, the process of the present invention 

takes place by both vacuum and nonvacuum methods. Preferably, the process takes place in 
a vacuum both to avoid contamination by particulates, and to avoid moisture and oxygen. 
Superior bamer films and other films arc provided by the cleaner vacuum process. 

As shown in FIGS. 10 and 1 1 for the LCD, as long as the sheet resistance is below about 
30 250 ohms/square, and as long as the ITO film thickness is between about 75 and 225 nm. the 

preferred water permeability for the LCD is met. As shown in FIG. 12, the preferred oxygen 
permeabUity for the LCD is met as long as the ITO film thickness is above about 85 nm and as 
long as the sheet resistance is below about 150 ohin/square. Because of the lower 
penneabiiities preferred for the emissive displays (e.g. OLED). the bairier capability is 

35 enhancedby multilayer dielectric or TCO bairiersincombinationwitfaPMLprocessedpolymcr 

coatmgs (i.e. composite barrier layers of PML deposited organic polymer layen, dielectric 
layers and/or TCO layers). 



- 13 - 
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Appemiu D has two charts that iUusitate water vapor and oxygen permeabilitj- versus 

ITO thickness. The measured results for serni-reacnvely and reactivelyspi^ aswell 

as the difererces between a single ITO layer and two ITO layers (with a polymer kyo in 
between the two layers)made with a semi-reactive process, are iUustraiedaad in tabular form 
5 'Senu-reactiveiy sputtered refers to DC magnetron sputtered from a ceramic target. Tbe 
differences between the two processes are due to the specific process parameters, and not 

mherent to the process type. As shown, for the same thickness, the two rrOlayem^^^ 

TOnducnvity and lower permeability as compared to the single ITO layer. Further, the two ITO 
layers have higher electrical peiformance. because the single ITO layer cracks and/or crazes 
The piefened thickness for the deposited layen is different for conductivity and barter 

properties. The deposited film is thick in order to have conductive properties. AJso.ifafilm 

ayer is too thin it will not have adequate barrier properties. The critical thickness for these 

layers varies with the material and, toalesserextent.howthe layers For ITO the 
^l>cal immmal thickness is about 20 nanometers (or 200^^^ The lower limits' for 

some of the metal oxides are about 10 to 30 nanometer nmge m packaging. Generally. 5-10 
nanometers is the mimmum thickness for adequate barter properties, however. 
conductive properties result film thickness in the range of about 20 nanometers to 300 
nanometers. If the film is thicker than that range, then the film starts cracking, and hence, loses 

conducnviiy and barrier properties. For maidrnizfeg optical transmission, it is weUkno>Jn to 

opucal thicknesses of thin films are selected. The typical physical thickness is 20-300 
nanometers for ITO on a flexible substrate. 

^ seen in FIGS. 15-1 8. generally, regardless of the sheet resistance, the percentage of 
spect^ transmittance and reflectance remains relatively constant For example, at about a 
7 <i fransmittance percentage is about 80% for resistance ranging from 

29 o^square to 347 ohms/square. DC sputter deposited ITO on a hardcoated PET substrate 
exhibited a resistivity of 46.9 Ohms/square, which is approximately SXKT* ohm-cm. and a 
^ible transmittance of 84.7%. Generally, the transmittance increases (and the reflectance 
decrea^s) as the plasma wavelength increases. There is always a compromise between high 
opnea^ transmittance and high conductivity, in contrast, for FIG. 14 (a more preferred 

mbodiment of the present invention), at the higher wavelengths, the transmittance decreases 
(and the reflectance increases). 

rm ^ illustrates the Transmittance and Reflectance of semi-reactivciy sputtered 

TO on a PET substrate for various thicknesses venus wavelength. The transmittance and 
reflectance of a substrate coated with a polymer layer and an TO layer, a substrate with an ITO 

layci, aadasubstrate withtwo TO layersCwithapolymerlayermbetw^ 

are ustrated. Geoeially, transmittance and conductivity are inversely related. Improved 
i, .cMc™, by to i»i„ bf to pel,,™, l.yto. 
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Fora transparent electrode, conducmity varies with display technology and addressing 
method. The surface resistivity for LCD's is about 50-300 Ohm/square. and for OLED's is 
about 10-100 Ohm/square. The corresponding visible transmittance for LCD’s is about 90%, 
and for OLED’s is about 80-85%. The thickness of the conductor layer is compatible with the 
vacuum web coating processing for the flexible plastic substrate. 

Table 1 shows the test results for oxygen and water vapor transmission rates of various 
samples of a substrate coaled with a single ITO layer with different ohm/square coatings and 
a substrate coated with an FTO layer, a metal layer, and another ITO layer. The test conditions 
were as Mows: the temperature was at 23»C/73.4-F. On each side of the barrier for the 

oxygen traiumissionrate tests, therelativehumidity was 0%.Ononesideofthebarrierfo^^^^ 

water vapor transmission rate tests, the relative humidity was 100%, but the other side of the 
bamer had a relative humidity of 0%. 

The first eight samples are a smgle layer ITO with different resistances coated onto a 
plastic sidistrate. For example, the ‘25-1’ is the first sample of the resistance of 25 ohm/square; 
whereas ‘2S-2‘ is the second sample from the same lot The last two samples are of a substrate 
coated with an ITO layer, a metal coating, and another ITO layer, with a resistance of 10 
ohm/squait. This 3 layer configuration Is called “opticaUy enhanced metaL” or “induced 
iransmisaon CJter,” and has similar characteristics as a single TOO layer. With the optically 

enharmed metal good conductivity.transmission and barrierpiopeitiesare achieved. Preferably 

the ITO layers, which antireflect the metal, each have a thickness of about 30-60 nanometers. 
In several instances, the samples were tested two times. The second column for the 25 and 60 
ohm/square reflects the results of the second test. 
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Table 1 



Sample 


Water Vapo 
(1 


r Transmission Rate 


Oxygen Transmission Rate 
(cc/m^day) 


25-1 


HAjBI 


<0.005* 


0.017 


mmm 


25-2 




<0.005' 


0.584 




60-1 






0.059 




60-2 






0.204 




60-3 






<0.005’ 


■■iS 


60-4 


<0.005' 




0.014 




300-1 






0.861 




300-2 


0.232 




0.864 




M-IO-I 










M-10-2 


KOI 




0.024 





The KtuaJ water vapor transmission rate was at least as low as the lower limit of the 
instnnnent. Permatran-W 3/31, 0.005 g/m^day . ^ 

The actual oxygen transraissioD rate was at least as low as the lower limit nf ,h 
instrument. Ox.Tran2/20, 0.005 cc/m»‘day. ^ 
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Table 2 compares penneation rates for different coatings, including multiple dyad (an 
aciylate/oade pair) layers, on polyethylene terepbthalaie (PET) and oriented polypropylene 
(OPP) substrates. As shown, a single dyad on a substrate has' high penneation resistance for 

ojQrgenandmoi^. In some instances, two oxygen transmission rate tests were conducted, 
^theresultswereshowninasecondcolumn. Foomote ' denotes the typical penneation rate 
for the PET substrate. 



Table 2 



10 


Sample 


Water Vqwr 
Transmission Rate 
(g/m^*day) 


Oxygen Transmission Rale 
(cc/m^*day) 




2 mil PET 


30.5, 272' per micron 
film thickness 


5.3. 1550' per 
micron film 




15 






thickness 






Food packagmg - target 


1.55 


1.5 






values (PET/oxide) 








2 mil PET/single dyad 
(23 T) 


<0.0078 


0.03 




20 


2 mil PET/ seven dyads 
(23*0 


<0.0078 


<0.016 






7 mil PET/ haidcoat 


7.6 








(23 '0 








25 


7 mil PET/ hardcoat/ 
single dyad (38 *C) 


<0.0078, 90% Relative 
Humidity (RH), 100% 
Oj 


0.2682, 

I00%RH 


0.6061, 
100% RH 




7 mil PET/ haidcoat/ 
single dyad/ ITO(38”C) 


<0.0078, 90% RH. 

100%Oj 


0.0098. 
100% RH 


0.0128, 
100% RH 


30 


PET/oxide 


0.7-1.5 


0.15-0.9 






PET/Al 


0.6 ~ 


0.17 






OPP, copolymer, 1 mil 


1800 


1.3 






OPP/ oxide 


17-546 


0.08-0.4 




35 


OPP/AI 


20 


0.11 
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Tables 



Sample 


Water Vapor Transmission Rate 
(g/100in^*24 hours) 


Oxygen Transmission Rate 
(cc/l00in‘*24 hours) 


A 


<0.001 


<0.001 


B 


<0.001 


<0.001 


C 


0.001 


<0.001 


D 


. <0.001 


<0.001 


E 


0.369 


1.971 


F 


0.370 


1.934 


G 


0.340 


1.834 


H 


0.377 


1.888 



Samples A through D are layers of polymer (PML)/oxide/polymer(PML) on 2 mil PET. 
Samples E through H are 2 mil PET only. 

Although the present invention has been described and is illustrated with resp>ect to 
various embodiments thereof, it is to be understood that it is not to be so limited, because 
changes and modifications may be made therein whichare within the full tntpnHrrt scope ofthis 
invention as hereinafter claimed. In particular, the structure disclosed for flat panel displays is 
also used with other display technologies, such as polymer light emitting diode (PLED) and 
light emitting diode (LED) displays. 
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CLAIMS 



I. A f„ „„ i„ j., ^ 

lu min escence lamps comprising: 

a plasdc substrate; and 



a first conductive barrier material 
conductive bamer raaterial including one of a thin 
nitride. 



deposited over the plastic substrate, tiie 
transparent conductive oxide, and a metal 



2 . B. c.n.po* of o|.i„ I c«,prisi,| a 

deposited over the plastic substrate. ^ ^ 

d™.v a I 

deposited over the conductive barrier layer. ^ 

4. •n«»m,»afesubami.ofol.i,„2flrt,,»„p*i.S.a„.,,do,p,,lo,o 

deposited over the conductive barrier layer. ^ ^ 



lav... If subsTOK of Claim I finher compriaing one 01 more additional 

l.fm of cd^.. marerial dopoaimd ..redm plaatic mba,re.„ dm mldiComd layrea 



lavcm d w * .onsite substrate of claim 5 fimhet comprising One or more additional 

^dcporiWovretlmptcrionsI, deposited condnstrecbmrire 

^sdd.„mal^.t^di.go„,,fa„.,^^^ 
tmnspareiu melalbcfilmandathin ttansparenl eondnclive oxide. 

^ 7. 77«M«l»!i>e»bstret.ofclmm IvrimremdmddntniBfrirentmmaife 



alumiDum. 



silver. 



8 . The composite substrate of claim I wherein the thin transparent metallic film is 



9 . The composite substrate of claim I wherein the plastic substrate is 
polyester and a polyolefin. 



one of a 



10. ^e composite substrate of claim I wherein the transparent conductive oxide 
coating IS tin doped indium oxide. 
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n . TTte composite substrate of claim 1 wherein the transparent dielectric banter is 

one of silicon oxide and aluminiun oxide. 

12 . ^ecoinposite substrateofcldm 11 wherein thealumm™ 

one of evaporation of the aluminum which is then converted to an oxide m an oxygen plasma 
and electron beam evqjoration. 

13. The composite substrate ofclaim 1 wherein the dielectric layer is deposited by a 

plasma assisted chemical vapor deposition process using one of an oxidizing carrier gas and 
inert carrier gas. - 

14. TTte composite substrate ofclaim 7 wherein the aluminum layer is deposited bv 
one of vacuum metallizing and sputtering. 



15. 



Tliecompositesubstrateofclaim 1 lurther comprising multiple altemaring layers 
of vapor deposited ciosslinlced organic monomer, and transparent conductive oxide. 



16. An apparatus for fabricating a composite substrate for use in flat panel display 
packagmg comprising one of a roll coaler, a vacuum coaler, an in line coaling machine and an 
intermittent motion machine and a Gravure coating machine. 



17. 

apparatus. 



The apparatus ofclaim 1 6 wherein the substrate is coated using more than one 



18. A process for fabricating a composite substrate for use in flat panel display 
packaging comprising: r t j 

providing a plastic substrate; and 

depositing a first conductive barrier material over the plastic substrate, the 
conducuve banter material including one of a thin transparent conductive oxide, and a metal 










10 



15 



20 



25 



35 
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uy.. .f 

conductive bamer ~~* — 

23. njc, 



a ■n»pr««rfcuml8(lm|„ra,nip«ingfcp„it«g, 






24. The process of claim 

organic monomer to form the polymer layer. 



an 



a 

2S. nyproo^ofcu^ 



one of a polyester and a 






oxide coating is tin 



.»d. duiir,'s=“““ 



is one of silicon 



32. 



of evaporation of the aluminm a»uminum oxide by one 

electron beam evaporation. ^ 
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33 The process of claim 1 8 further comprising depositing the dicicctiic layer by a 
plasma assisted chemical vapor deposition process using one of an oxidizing carrier gas and 
inert carrier gas. 

34. The process of claim 27 further comprising depositing the aluminum layer by one 
of vacuum metallizing and sputtering. 

35. The process of claim 1 8 wherein the transparent conductive oxide is deposited by 
sputtering. 

36. The process of claim 35 further comprising providing hydrogen in a plasma of a 
vacuum chamber used in the sputtering process of the transparent conductive oxide. 

37. The process of claim 1 8 further comprising mildly annealing the substrate before 
deposition of layers thereon. 



38. The process of claim 37 wherein the substrate is annealed to approximately 65 ®C. 
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AMENDED CLAIMS 

[received by the International Bureau on 25 April 2000 (25.04.00); 
original claims 1-3. 5, 8, 11-16, 18-22. 24-29. 31-34 and 36 amended; 

original claims 37 and 38 cancelled; new claims 37-41 added; 
remaining claims unchanged (5 pages)] 

1. A composite substrate for use in one of displays, packagiiig and electro 
luminescence Lamps compnsing: 

. a plastic substrate; 

a first conductive barrier material deposited over the plastic substra^ the 
conductive bamer materi al including one of a thin transparent conductive oxide, a thin 
transparent metal and a thin transparent metal nitride; and 

a first organic polymer deposited over the conductive bamer material. 

2. A composite substrate for use in one of displays, packaging and electro 
luminescence lamps campiising: 

a substrate; 

a first organic polymer deposited over the substrate; and 
a first conductive bamer material deposited over the first organic polymer layer, 
the conductive bamer m a t e ri al including one of a thin transparent conductive oxide, a thin 
transparent metal and a thin transparent metal nitride. 

3. The composite substrate of claim 1 further coxnprising a second organic polymer 
deposited over the pla^ic substrate, in between the substrate and the conductive bamer layer. 

4. The coc^iosite substrate of claim 2 further comprising a second organic polymer 
deposited over the conductive barrier layer. 

5. • The composite substrate of claim 1 further comprising one or more additional 
layers of conductive banier material deposited over the first organic polymer layer, the 
additiana] layers of conductive barrier material having the same materi al as Ihe first conductive 
barrier material 

6 . The composite substrate of claim 5 further comprising one or more additional 
layen deposited over the previously deposited conductive banier maicrial layer, respectively, 
each additional layer includiiig one of an organic polymer, a thin transparent dielectric, a thin 
transparent metaihe film and a thin transparent conductive oxide. 

7. The composite substrate of claim I whexcin the thin transparent metallic film 15 
aluminum. 
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1 8 . The composite substrate of claim 1 whoein the Mn transparent metallic film is 

one of silver, gold, a silver alloy and a gold alloy. 

9. The composite substrate of claim 1 wherein the plastic substrate is one of a 
S polyester and a polyolefin. 

1 0. The composite substrate of glaim I wherein the transparent conductive oxide 
coating is tin doped indium oxide. 

10 1 1. The composite substrate of claim 1 fiircbercomprisingafirsttransparentdielectiic 

barrier which is one of silicon oxide and aluminum oxide. 



12. The composite substrate of claim 1 1 wherein the aluminum oxide is deposited by 

one of thermal evaporation of and electron beam evaporation of the aluminum which is then 
1 5 converted to an oxide by an oxygen containing plasma. 



1 3 . The composite substrate of claim 1 1 wherein the dielectric layer is deposited by 

a plasma assisted chemical vapor deposition process. 



20 14. The composite substrate of claim 8 wherein the metallic layer is deposited by one 

of vacuum metallizing sputtering. 



15. The composite substrate of claim 1 further comprising multiple alternating layers 
of deposited crosslinked organic monomer, and transparent conductive oxide. 

25 

16. An apparatus for &biicating a composite substrate for use in one of display 
fabrication and packaging comprising at least one of a roil coater, a vacuum coater, an in'ime 
coating machine and an intermittent motion machine, and a Gravure coating machine. 

30 17. The apparatus of claim 16 wherein the substrate is coated using mote than one 

apparatus. 



18. A process for fabricating a composite substrate for use in one of display 
^biicatioD and packaging comprising: 

35 providing a substrate; 

depositing a first conductive barrier material over the substrate, the conductive 
baniermaterial including one of a thin transparent coiuiuctive oxide, a thin transparent metallic 
film and a thin conductive metal nitride; and 
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1 depositing a first organic polymer over the first conductive barrier layer. 

19. The process of claim 18 fiirthcrcoinprisingdepositiiig a second organic polymer 
over the substrate, in between the substrate and the first conductive barrier material. 

5 

20. The process of claim 19 further comprising depositing one or more additional 
layers of conductive barrier material over the first organic polymer layer, the additional layers 
of conductive barrier material having the same material as the first conductive barrier materiaL 

10 21. The process of claim 20 further con^msing depositing one or more additional 

layers over the previously deposited conductive barrier material layer, respectively, ea ch 
additional layer including one of an organic polymer, a thin transparent dielectric, a thin 
transparent metallic film and a tbin transparent conductive oxide. 

15 22. The process of claim 18 fiirther comprising depositing one or more additional 

layers of conductive barrier material over the first organic polymer layer, the additional layers 
of conductive barrier material having the same material as the first conductive barrier material. 

23. The composite substrate of claim 22 further comprising depositing one or more 

20 additional layers over the previously deposited conductive barrier material layer, respectively, 

each additional layer including one of an organic polymer, athin transparent dielectric, athin 
transparent metallic film and a thin transparent conductive oxide. 

24. The process ofclaim 1 8 fiulher comprising depositing and crosslinking anorganic 

25 monomer m one of a vacuum and a plasma to form the polymer layer. 

25. The process of claim 1 8 wherein the substrate is a plastic substrate, the process 
further comprising smoothing the plastic substrate by depositing a polymer which is liquid 
coated over the substrate. 

30 

26. The process of claim 1 8 further comprising depositing the polymer layer over the 
previously deposited layer before the previously deposited layer contacts a surfecc. 

27. The process ofclaim 1 8 wherein the thin transparent metallic film is one of silver, 

35 gold, a silver alloy and a gold alloy. 

28. The process of claim 1 8 wherein the thin transparent metallic film is aluminnin. 
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29. The process of claim 18 wherein the ^strate contains one of at least a nolvester 
and a polyolefin. 

30. The process of claim 18 wherein the transparent conductive oxide coating is tin 
doped mdium oxide. 

31. The process of claim 18 further comprising depositing a first transparent 
dielectric barrier \»Wcb is one of silicon oxide and aluminum oxide. 

31 The process of claim 3 1 wherein the aluminum oxide is made by one of thermal 
evaporation of and electron beam evaporation of the aluminum which is then converted to an 
oxide by an oxygen containing plasma. 

33. The process of claim 18 wbetein the transparent conductive oxide I^er is 
deposited by a plasma assisted chemical vapor deposition process. 

34. The process of claim 1 8 wherein the metallic film layer is deposited by one of 
vacuum metallizing and sputtering. 

35. Tlieprocess of claim 1 8 wherein the transparent conductive oxide is deposited by 
sputtering. 

36. The process of claim 35 wherein in the sputtering process of the transparent 
conductive oxide, hydrogen is provided in the plasma. 

37. The composite substrate of claim 1 wherein the transparent conductive oxide 
coating contains indium, 

38. The composite substrate of claim 1 farther comprising one or more additional 
layers of conductive barrier material deposited over the plastic substrate, the additional layers 

ofconducave barrier material having material faat is different than Ihat of the first conductive 
barrier material. 

39. The process of claim 18 wherein the transparent conductive oxide coating 
contains indium 



-26- 



AMENDE) SHEET (ARnCLE 19 ) 




wo 00^6973 



PCT/US99/25843 



40. A composite substrate for use in one of displays, packaging and electro 
luminescence lamps comprising: 

a plastic substrate; and 

a first optically enhanced layer deposited over the plastic substrate, wherein the 
optically enhanced layer has one of a metal and a metal nitride layer sandwiched between two 
thin transpareot conductive oxide layers. 



41 . The composite substrate of claim 40 wherein a second optically enhanced layer 

is deposited overthe first optically enhanced layer, herein the second optically enhanced layer 
has the same material as the first optically enhanced layer. 
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